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INJECTOR TOR BIPROPELLANT ROCKET 
ENGINES 

Marcus F. Heidinann, Rocky River, Ohio, assignor to the 

United States of America as represented by the Ad- 
ministrator of the National Aeronautics and Space 

Administration 

Filed June 19, 1961, Ser. No. 118, 2©2 
2 Claims. (CL 60—35.6) 

(Granted under Title 35, U.S. Code (1952), sec. 266) 

The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 

This invention relates generally to a device for inject- 
ing propellants into a rocket thrust chamber and more 
particularly to an improved fuel and oxidant injector. 

I he propellant injector is one of the major components, 
and at the same time one of the most vulnerable to mal- 
function, of the rocket engine, functioning to introduce 
and meter the flow of the propellants to the combustion 
chamber, while at the same time it atomizes the propel- 
lants for ready combustion. It is extremely important that 
these functions be performed so that a correctly propor- 
tioned fuel-oxidizer mixture will result which can be 
readily vaporized and burned. The particular injector 
pattern employed, orifice size and arrangement, may of 
course vary. The design criteria is that the injector must 
obtain as uniform and predictable a mixture and mass dis- 
tribution across the injector face plate as is possible, and 
that it combine lightweight construction with high per- 
formance, simplicity and reliability. 

A major failing of the prior art is the liability of the 
injector face plate to ablation and the difficulty of pro- 
viding for uniform cooling of the injector face so that a 
uniform stress distribution is obtained during heating and 
cooling of the injector. In addition, the known prior art 
injectors in general fail to obtain a uniform pressure 
drop across the injection orifices of each propellant, which 
uniform pressure drop is desirable as a characteristic in 
that such uniformity leads to a more predictable mass and 
mixture distribution across the injector face, thus obtain- 
ing uniformity in combustion. Lastly, it is difficult in the 
known prior art devices to readily seal joints between the 
oxidizer and fuel passages because of the physical con- 
struction and relationships obtaining in such injectors. 

It Is a general object of the invention to provide im- 
proved means by which combustion liquids may be de- 
livered to a combustion chamber. 

It is a further general object of the invention to provide 
an improved method by which two combustion liquids 
may be delivered to a combustion chamber. 

It is a further object of the invention to provide a bi- 
propellant injector assembly capable of developing a pre- 
determined stream pattern. 

It is a more specific object of the invention to provide 
an improved means of delivering combustion liquids to a 
combustion chamber so that one of the propellants acts 
as an internal coolant for a component of the chamber. 

It is a further, more specific object of the invention to 
position the propellant manifolds of a rocket engine so 
that the manifolds comprise a portion of the walls of the 
rocket motor while the fuel serves to cool the face of the 
injector. 

It is an additional specific object of the invention to 
provide an injector assembly wherein a portion of the 
oxidant system serves to reinforce the structural compo- 
nents of the device. 

According to the present invention the foregoing and 
other objects are obtained by providing a rocket motor 
with what may best be described as a wafer-like injector 


assembly. This assembly has manifolds for each of the 
propellants, which manifolds are “in-line” and form a 
portion of the rocket motor itself. The fuel manifold 
communicates with a coolant chamber provided between 
5 this manifold and the injector face plate so that fuel in 
passing from its manifold to the combustion chamber 
acts on the rear face of the injector face plate to cool the 
face plate. This construction permits the propellant mani- 
folds to be maintained at near stagnation conditions, since 
10 they do not serve as coolant passages, which in turn per- 
mits the obtaining of uniform orifice pressure drop, meter- 
ing, mass distribution and controlled mixture distribution 
across the injector face. The oxidant propellant is sup- 
plied to the combustion chamber through injection tubes 
15 which pass through the fuel manifold and coolant cham- 
ber to the injector face in the combustion chamber. This 
configuration aids materially in the structural strength of 
the assembly, thus permitting lightweight construction. 
Since these tubes are straight and relatively short they 
20 provide an ideal entrance means to the combustion cham- 
ber, permitting a uniform pressure drop and forming a 
jet of known characteristics due to the identical flow en- 
trances to all injection orifices. In addition, the joints 
occurring between the oxidizer and fuel passages are readi- 
es ]y sealed since they occur around small, stable tubes rather 
than the longer or linear joints which exist in concentric 
or parallel manifold designs of the prior art. An addi- 
tional feature of the invention is the “checkerboard” ar- 
rangement of the propellant distribution orifices. This 
construction permits the thrust level to be varied, assum- 
ing other parameters are fixed, merely by encompassing a 
larger or smaller segment of the repeating arrangement, 
and obtains a maximum interspersal of the propellants 
upon injection into the combustion chamber. 

^ Other objects and many attendant advantages of the 
present invention will be apparent from the following de- 
tailed description when taken together with the accom- 
panying drawings in which: 

FIGURE 1 is a sectional side elevation of an idealized 
40 thrust chamber assembly, for orientation purposes only, 
and showing the general arrangement of the invention; 

FIGURE 2 is a front view, with the intervening plates 
removed, of the checkerboard arrangement of the inven- 
tion; 

FIGURE 3 is a sectional view of the wafer-like con- 
struction of FIGURE 2, with the plates in position, taken 
on the lines III — III; 

FIGURE 4 is a sectional view at point “A” of FIG- 
URE 2 along line IV — TV with the intervening plates 
in position, and 

FIGURE 5 is a perspective view of the rocket motor 
with portions broken away. 

Referring to FIGURE 1 for orientation, there is shown 
a rocket motor 11 comprising a combustion chamber 
18 and nozzle portion 19. A simplified injector as- 
sembly embodying the principles of the Invention is 
designated generally by 20. The injector assembly 20 
comprises a curved injector face plate 16 disposed across 
the cross-sectional area of the chamber and having an 
oxidant injector orifice 24 centrally formed therein and 
a plurality of fuel injector orifices 22 obliquely formed 
therein about the orifice 24. 

A coolant chamber 1 4n, which serves to cool the in- 
jector face plate 16, Is formed between a concave fuel 
65 distribution plate 15 and the rear face of the injector 
face plate 16. Chamber 14a is in communication with 
the combustion chamber 18 through the fuel injection 
orifices 22 in the injector face plate 16, and with a fuel 
manifold 14 (defined by the distribution plate 15 and 
a concave separation plate 13) through the distribution 
orifice 23 in the distribution plate 15. The compara- 
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tively small volume of the coolant chamber 14a in rela- 
tion to the relatively large volume of the fuel manifold 
14, as seen in FIGURE 1, obtains a substantially stag- 
nant condition within the fuel manifold, as explained 
in detail hereinafter, and a relatively rapid flow of fuel - 
in and through the coolant chamber 1 4a, thus optimizing 
the operation of the coolant chamber. 

An oxidant manifold 12 is delineated by a concave 
cover plate 17 and the separation plate 13. The mani- 
fold 12 is provided with an oxidant injector tube 21 
which passes centrally through the fuel manifold 14, 
fuel distribution plate 15, cooling chamber 14a and in- 
jector face plate 16, ending in the oxidant injection ori- 
fice 24 at the combustion chamber. Since the only pos- 
sible source of leakage between the oxidant and fuel ^ r 
manifold is the oxidant injection tube 21, with the ex- 0 
ception of the periphery of the separation plate 13, it 
is obvious that the sealing of the two manifolds from 
each other is readily accomplished by merely insuring 
the seal around the oxidant injector tube 21 where it 
passes through the separation plate 13, a relatively simple 
operation considering the small size and stability of the 
portion to be sealed. Also it is obvious that the oxi- 
dant injector tube 21 structurally reinforces the assem- 
bly while permitting ready access of the oxidant to the ^ 
combustion chamber and providing a jet of known char- 
acteristics due to the uniform pressure drop and near 
stagnation conditions obtaining with the construction. 
This is due to the fact that the fuel and oxidant are 
under uniform pressure within their respective mani- 
folds, since there is no cooling of engine parts at the 
manifold, and the fuel will not be subject to heating, 
excessive expansion or convection currents and the un- 
stable results thereof while it is in the manifold. The 
oxidant, in turn, has a direct com mum cation with the 35 
combustion chamber. 

The manifolds 12 and 14 are supplied by the lines 
30, 31, respectively, disposed through the cover plate 17, 
from suitable propellant reservoirs (not shown). Al- 
though the fuel injection orifices 22 are shown as being ^ 
formed obliquely for the purpose of obtaining a triplet 
impinging stream pattern, it is obvious that the pattern 
could be varied to include any of the well recognized 
injection types such as doublet impinging, shower head, 
etc., merely by reorienting, the injection orifices. 45 

A specific embodiment of the invention is illustrated 
in FIGURES 2-5. 

The injector as exemplified by this embodiment of 
the invention, and as most clearly shown in FIGURES 
3, 4 and 5, is a wafer-like construction and comprises go 
a fluorine manifold 12 formed by a cover plate (not 
shown, but illustrated by plate 17 in the orientation view 
of FIGURE 1) and a separation plate 13. Immediately 
adjacent to the fluorine manifold 12 is a hydrogen mani- 
fold 14, the separation plate 13 serving as the lower 55 
bulkhead for the fluorine manifold and the upper bulk- 
head for the hydrogen manifold. A coolant chamber 
14a, formed by a hydrogen distribution plate 15 and the 
rear face of an injector face plate 16, is in communi- 
cation with the hydrogen manifold 14 by means of by- gQ 
drogen distribution orifices 23 (see FIGURES 2, 4 
and 5). 

The fluorine enters the combustion chamber IS (FIG- 
URES 3 and 5) through fluorine injector tubes 21, which 
tubes end in injection orifices 24. These injector tubes gg 
21 are in communication with the fluorine manifold 12 
and pass through the separation plate 13, hydrogen mani- 
fold 14, hydrogen distribution plate 15, coolant cham- 
ber 1 4a, and the injector face plate 16. It should be 
noted that the rear face of the injector face plate 16 70 
is formed with bosses 25 which serve to space the dis- 
tribution plate 15, seated thereon, from the injector face 
plate, thus forming the coolant chamber 14a. The fluo- 
rine injector tubes 21 are most conveniently positioned 
through these bosses, as best shown in FIGURES 3 and 75 


4 

5. The fluorine injector tubes 21, besides the primary 
function of carrying the fluorine, also have an impor- 
tant secondary function as structural members which 
add strength to the wafer construction, thereby permit- 
ting a lighter construction. In addition, such construc- 
tion provides ideal entrance passage to the combustion 
chamber IS through the fluorine injection orifices 24 
due to the possibility of obtaining both uniform pressure 
and a jet of known characteristics because of the con- 
figuration and relationship of the tubes to the manifold 
and combustion chamber. 

Hydrogen passes in a flow train from the hydrogen 
manifold 14 through the distribution pi ate 15 and enters 
coolant chamber 14a (FIGURES 3, 4 and 5) between the 
distribution plate and face plate 16. The hydrogen 
enters the coolant chamber 14a through the hydrogen 
distribution orifice 23 (as best shown in FIGURES 4 and 
5) in the center of a square of fluorine tubes, i.e. the 
hydrogen distribution point “A” of FIGURE 2. This 
arrangement is most efficient in that it permits each hy- 
drogen distribution orifice 23 to partially supply four 
adjacent hydrogen injection orifices 22 (as illustrated 
by the flow arrows in the upper, right portion of FIG- 
URE 2) so that a more uniform pressure and mass dis- 
tribution is obtained. The hydrogen injection orifices 22 
in the injector face plate 16 are located between adja- 
cent fluorine tubes 21 and fluorine injector orifices 24 as 
most clearly shown in FIGURES 2, 3 and 5. This per- 
mits each oxidant injection orifice 24 to be impinged by 
a pair of fuel injection orifices 22. Thus, each hydrogen 
distribution orifice 23 partially supplies four hydrogen 
injection orifices 22, while each of the hydrogen injec- 
tion orifices is symmetrically supplied from two diamet- 
rically opposed directions. This construction greatly facil- 
itates providing an even mixture of propellants within the 
combustion chamber and, obviously, a maximum degree 
of uniformity of orifice pressure drop, metering, mass dis- 
tribution and mixture distribution. Thus it is apparent 
that the described construction reinforces the composite 
structure while at the same time it provides manifolding 
and flow paths which serve to carry out the novel method 
of uniformly cooling the injector plate and producing and 
maintaining the desired pressure and injection character- 
istics. 

The design concept is not limited to hydrogen and fluo- 
rine as propellants of course, but may be adapted to any 
liquid or gaseous bipropellant combination. The mechani- 
cal details such as orifice size, spacing, injector types, etc. 
are subject to application within wide limits to meet the 
specific requirements of propellant combinations, size, 
weight, etc., without departing from the scope of the in- 
vention. 

It is therefore seen that an injector assembly has been 
provided for use in a rocket motor which overcomes the 
prior art objections and deficiencies by providing such an 
assembly with in-line manifolds, the manifolds being an es- 
sentially integral portion of the motor, being easily and 
expeditiously sealed from one another and being capable 
of maintenance at near stagnation conditions, one of the 
manifolds communicating with a combustion chamber 
through an intermediate chamber which serves to cool 
the injector face, the other manifold communicating with 
the combustion chamber by means of short, stable tubes 
opening directly into the combustion chamber, all of the 
injection orifices bearing a particular relationship one 
to another to derive the most efficient mixture and distri- 
bution of the propellants. The wafer design is strong, 
light, and efficient as herein employed. The injector face 
itself, because of the cooling by one of the propellants 
and the uniform distribution and mixing of the propel- 
lants is not subject to fracture by stresses produced by 
pressure or nonuniform heating, thus eliminating, substan- 
tially, critical seals in the injection face plate. 

The structure is easily adaptable to various injector 
patterns by merely reorienting the orifices but without 
major structural change, and the thrust levels are van- 
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able by encompassing larger or smaller portions of the 
checkerboard arrangement without structural modifica- 
tions. In essence, it is seen that the invention discloses 
an injection system having new features wherein the 
manifold passages and the coolant passages are separated 
so that one of the propellants acts to cool the injector 
face plate; a wafer construction wherein the oxidant in- 
jector tubes act as material structural members; and a 
checkerboard arrangement of injection orifices in an in- 
ternally cooled injector. 

Obviously, many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is, therefore, to be understood that within the 
scope of the appended claims the invention may be prac- 
ticed other than as specifically described. 

What is claimed is: 

1. A wafer-like, checkerboard, fuel injector assembly 
for a bipropellant rocket motor in which said injector 
assembly has an injector face plate, separate manifolds 
for the fuel and for the oxidant, oxidant injector tubes, 
said oxidant injector tubes ending in injection orifices 
at the face of said injector face plate, said tubes being in 
communication with said oxidant manifold, a distribution 
plate having distribution orifices therein and spaced from 
said oxidant manifold by said oxidant injector tubes, said 
distribution orifices affording passage of the fuel to in- 
jector orifices in the face plate, each said distribution 
orifice being located, in the center of a square formed by 
said oxidant injector orifices, said fuel injector orifices 
being located between adjacent oxidant injector orifices, so 
that each distribution orifice partially supplies four injec- 
tor orifices and each fuel injector orifice is symmetrical- 
ly supplied from diametrically opposed directions. 

2. A rocket motor comprising a combustion chamber 
having a nozzle on one end thereof, a cover plate on the 
other end of said motor, said cover plate providing one 
wall of an oxidant manifold, a second plate spaced from 
said cover plate within said motor and forming a second 
wall of said oxidant manifold, a third plate spaced longi- 
tudinally from said second plate and forming a second 
wall of a fuel manifold, and a fourth plate in spaced 
longitudinal relationship to said third plate and forming 


0 

an injector face plate, said fourth plate having bosses at 
spaced, predetermined positions thereon, said bosses form- 
ing spacing means for said third plate, a fuel line opera- 
tively connecting a fuel reservoir and said fuel manifold, 
5 an oxidant line operatively connecting an oxidant reser- 
voir and said oxidant manifold, a plurality of oxidant 
injection tubes rigidly attached to and extending through 
said second plate, said third plate and said fourth plate, 
said tubes each forming an oxidant injector orifice at 
j_q one face portion of said fourth plate, said third plate 
having a plurality of orifices positioned therein, each 
said orifice being located between diagonally aligned 
oxidant injection tubes so that said orifice is in the center 
of a square formed by said tubes, and said fourth plate 
having in addition to said oxidant injection orifices a 
plurality of fuel injector orifices, said fuel injector orifices 
being in communication with the chamber defined by said 
third and fourth plates, and said fuel injector orifices being 
aligned in one direction with two of said oxidant injector 
O0 orifices and in the other direction with at least one of 
" said orifices in said third plate; whereby said second, 
third and fourth plates form a wafer-like construction re- 
inforced structurally by said oxidant injector tubes, the 
chamber defined by said third and fourth named plates is 
9r a coolant chamber of comparatively small volume rela- 
° live to said other chambers for said fourth plate, and 
each oxidant injector orifice is operatively associated 
with two fuel injection orifices from diametrically opposed 
sides and each fuel injector orifice is supplied by two 
diametrically opposed distribution orifices. 
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